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Description 

This invention relates to catalyst suitable for the polymerisation of an olefin. .... 

The catalyst can be used in an improved process for polymerising olefins and more particularly in a 
5 method of controlling the molecular weight and/or the density of polyolefins produced so as to obtain 
polymer product in any desired range of molecular weight and densities. The invention particularly rela es 
to the polymerisation of ethylene in the presence or absence of comonomers to polyethylenes of controlled 

molecular "^^^^^^j^^^^^l^'^'^^^^^j^i^fg^ there is described a process of polymerising olefins to high 
,0 molecular weight polyolefins of controlled molecular weight, as Indicated by polymer viscosity by the 
addition of controlled amounts of hydrogen to the polymerisation system. The molecular weight control 
was described as useful in combination with a hydrocarbon Insoluble catalyst system compnsing the 
Taction product of a compound of a metal of Group IVB, VB,.VIB. and VIII w^th an organometalhc 
compound of an alkali metal, alkaline earth metal, zinc, earth metal or rare earth metal. The patent teaches 
IS that increased use of hydrogen during the polymerisation process results in the decrease of polymer 

'^^'lUsTurther'^known that certain metallocenes such as bis(cyclopentadienyl) titanium or zlrconlimi 
dialkyls in combination with aluminium alkylMater cocatalystform homogeneous catalyst systems for the 

M '''''^KirPatfnt Ap^plicStion 2,608,863 discloses the use of a catalyst system for the polymerization of 
ethvlene consisting of bis (cyclopentadienyl) titanium dialkyl, aluminum tnalkyi and water. 

German Patent Application 2,608,933 discloses an ethylene polymerization catalyst system consisting 
of zirconium metallocenes of the general formula (cyclopentadienyl)„ZrY4-„ wherein n standsfora number 
in ttie range of 1 to 4. Y for R. CH^AIR^ CH,CH^A1R» and CH,CH(AIR,)^, wherein R stands for alkyi or metallo 

25 alkvl. an aluminum trialkyi cocatalyst and water. ^ ^ ^. , 

European Patent Appln. No. 0035242 discloses a process for preparing ethylene and atactic propylene 
polymers In the presence of a halogen-free Ziegler catalyst system of (1) cyclopentadienyl compound of the 
formula (cyclopentadienyl)„MeY4.„ in which n is an integer from 1 to 4. Me is a transition metal, especially 
ziiSSumVand Y is either hydrogen, a C-C, alkyI or metallo alkyI group or a radical having the following 

30 general formula CH^AIR,, CH.CH^IR^ and CH^CHCAIRJ* In which R represents a C-Cs alkyI or metallo 
alkvl group, and (2) an alumoxane. » • » 

The above patents disclose that the polymerization process employing the homogeneous catalyst 
svstem is also hydrogen sensitive for molecular weight control. . ^ • ^ • v u 

An advantage of the cyclopentadienyl-metal/alumoxane catalyst system, is their extremely high 

35 activitv for ethylene polymerization. Another significant advantage is that unlike olefin polymers produced 
in the presence of conventional heterogeneous Ziegler catalyst, terminal unsaturation is present in 
DOh^mere produced in the presence of these homogeneous catalysts. The use of hydrogen for molecular 
weight control for these homogeneous catalysts would be disadvantageous since the terminal 
unsaturation would become saturated and hence, the loss of available sites for building functionalities into 

40 the JjJ*^p"3P242"Jh7patentee discloses that relatively low molecular weight polymer products are obtained 
at higher polymerization temperatures and relatively high molecular weight polymers at low 

iHener^lly Kwrt"^?*' the art, it Is desirable to maximize polymerization temperatures in order to 
45 achieve high polymerization activity and reduce operating costs In temjs of energy recovery. The "MtalYS^ 
disclosed in EP 35242 has certain disadvantages for the production of high molecular weight, high density 
resins since to produce such polymer products, one must operate at low temperatures thereby increasing 
ooerating costs and decreasing catalytic activity. , 

It would be highly desirable to provide homogeneous catalysts which can be usefully employed to 
50 produce high molecular weight polymer products at conventional polymerization temperatures and to be 
able to control molecular weight and density of the polymer product without resorting to temperature 

Mcordirwly?^he'presem invention provides new cyclopentadienyl • metal/alumoxane catalysts for 
olefin polymerization which catalyst can be usefully employed at high temperatures to obtain olefin 
S5 polymer products having excellent properties with respect to molecular weight, density and terminal 

""*1t has been discovered that the molecular weight of polymer product can be controlled by the judicious 
selection of the sutetituent on the cyclopentadienyl ring and use of ligands for the rnetallocenes. It has 
further been discovered that comonomer content can be controlled by the judicious selection of 

eo metallocenes. Hence, by the selection of catalyst components one can tailor polymer product with respect 
to molecular weight and density. , »u i 

The catalysts usefully employed for the polymerization of ethylene and alpha-olefins to polyethylene 
homopolYOlefins and copolyethylene- alpha-olefin comprise new metallocenes In combination with 
alumoxanes. The metallocenes employed in accordance with this invention are o/sanometellic 

65 coordination compounds which are cyclopentadienyl derivatives of a Group 4b, 5b and 6b metal ot the 
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Periodic Table and include mono, di and tricyclopentadienyl and their derivatives o^^^^e 
The metallocenes include those represented by the general formula .(CsR'm)pR' . CjR „)MeQ,-p or 
R" <C R' UMeQ' wherein Me is a Group 4b, 5b, or 5b metal of the Periodic Table (Chemical Rubber 
Comoan/s Handbook of Chemistry & Physics, 48th edition). (CsR'„) is a cyclopentadienyl or substituted 
cvclopentadienyl, each R', which can be the same or different, is hydrogen or a hydrocarbyl radical such as 
alkvl alkenvl. arvl, alkylaryl, or arylalkyl radical having from 1 to 20 carbon atoms or two carbon atoms are 
?ffiSe?herTo form a C^. ring, R" is a C-C. alkylene radical, a dialkyi germanium or s.l'cone or a 
alkvl phosphine or amine radical bridging two (CsR' J rings. Q is a hydrocarbon radical such as aryl, alkyi, 
alkenvl alkvlarvl. or arylalkyl radical having from 1 to 20 carbon atoms or halogen and can be the same or 
5iKnt%sana&^ 

s is 0 when p is 0; m is 4 when s is 1 and m is 5 when s is 0 and that at least one R' is a hydrocarbyl radical 
when s=0 and Q is an alkyI radical or halogen. . . 

As an alternative to the above defined methallocenes one can use certain carbenes. These are the 
carbene represented by the formula 

Cp2Zr=CH2 • PiCjHsjjCH, 



and its derivative of the formula 
20 CPi ZrCH2CH(CH3)C Ha 

and the carbene represented by the formula 

Cp»Ti=CH,-Ai|CH,)2CI 

25 

and the derivatives of this carbene 

Cp2TI=CHa-AI|CHj)„ (CpaTiCHj),, 
30 Cp, TICHaCH(CHa)C H2, CpaTi=CHa • AIR"'2CI. 

wherein Cp is a cyclopentadienyl or substituted cyclopentadienyl radical, and R'" is an alkyI, aryl or 
alkylaryl radical having from 1—18 carbon atoms. 

The molecular weight of the polymer product can be further controlled by the ratio of alumoxane to 
* metallocene or defined carbene. . , , , . u» 

The present invention also provides a process for producing polyethylenes having molecular weight at 
relatively high temperatures. The process comprises polymeriang ethylene alone or in the presence OT 
minor amounts of higher alpha-olefins or diolefins In the presence of the catalyst system descnbed above. 

The advantages of this invention are obtained by the use of derivatives of the cyclopentadienyl ring 
and/or other ligands for the metallocenes in order to control and tailor polymer molecular weight and/or 

comonomer content. ^ » , ^- tk- 

The present invention is directed towards catalyst systems and a catalytic process for the 

Dolvmerization of olefins, and particularly ethylene to high molecular weight polyethylenes such as linear 

low density polyethylene (LLDPE) and high density polyethylene (HOPE). The polymers are 'ntended for 
^ fabrication into articles by extrusion, injection molding, thermoforming, rotational molding, and the like. In 

particular the polymers of this invention are homopolymers of ethylene, and copolymers of ethylene witn 

higher alpha-olefins having from 3 to 10 carbon atoms and preferably 4 to 8 cariaon atoms per molecule. 

Illustrative of the higher alpha-olefins are butene-1, hexene-1 and octene-1. 
59 In the process of the present invention, ethylene, either alone or together with alpha-olefins having 3 or 

more carbon atoms per molecule, is polymerized in the presence of a catalyst system compnsing at least 

one metallocene or carbene as hereinbefore defined and an alumoxane. 

In SSSce with this invention, one can also produce olefin copolymers particularly copolymers of 

ethvlene and higher alpha-olefins having from 3-18 carbon atoms per molecule. As indicated above, the 
ss-^S^^lZx^S^xA ?an be controll^ through the selection of metallocene or carbene catalyst 

"""fSralimoxanes are polymeric aluminum compounds which can be represented by the general 
formulae (R-A^-0)„ which is a cyclic compound and R(R_AI-0-)^IRa. which is a linear compound. In 
thraeneral formS R is a C-C, alkyI group such as. for example, methyl, ethyl, propyl, but/l and pentyl 
« and nTsTn integer from 1 to 20. Mosi preferably. R is methyl. Generalhr. in the preparation of a^umo>=anes 
from, for example, aluminum trimethyl and water, a mixture of the linear and cydic compounds is 

""^^Th^alumoxanes can be prepared in various ways. Preferably, they are ffP^red by contacting water 
with a solution of aluminum trialkyl, such as, for example, aluminum trimethyl, in a suitable ?;ga"'«o^f/; 
fiS such as benzene or an aliphatic hydrocarbon. For example, the aluminum alkyl is treated with water in the 
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form of a moist solvent In an alternative method, the aluminum alkyl such as aluminum trimethyl can be 

desirably contacted with a hydrated salt such as hydrated copper sulfate. 

Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate. The method 

comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
5 represented by the general formula CuSO*' SHaO. The ratio of copper sulfate to aluminum trimethyl is 

desirably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reaction fs evidenced 

by the evolution of methane. 

The new metallocene compounds usefully employed in accordance with this invention are the mono, 

bi and tricyclopentadienyi or substituted cyclopentadienyl metal compounds. The metailocenes are 
10 represented by the general formula 

(C5R'„)pR",(C5R'„)MeQ3-p, R'MCsR'JaMeQ' 

or a derivative thereof as specified above. 
75 Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl, Isoamyl, hexo, isobutyl, heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary aikylene radicals are methylene, ethylene and propylene. 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlorine 
is preferred. 

20 Exemplary of the alkyiidene radicals is methylidene, ethylidene and propylidene. 

Of the metailocenes, zirconocenes and titanocenes are most preferred. Illustrative but non-limiting 
examples of these metailocenes which can be usefully employed in accordance with this Invention are 
monocyciopentadienyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
bis(Cp)Ti(IV) compounds such as bis{indenyl)Ti diphenyl or dichloride, bis(methylcycIopentadienyl)Ti 

2$ diphenyl or dihalides and other dihalide complexes; dialkyi, trialkyl, tetra-alkyi and penta-alkyl cyclopenta- 
dienyl titanium compounds such as bts{1,2 - dimethylcyclopentadienyOTi diphenyl or dichloride, bis(1,2 • 
dIethylcyclopentadlenyOTT diphenyl or dichloride and other dihalide complexes; silicone, phosphine, 
amine or carbon bridged cyclopentadiene complexes, such as dimethyl silyldicyclopentadlenyl titanium 
diphenyl or dichloride, methyl phosphine dicyclopentadienyl titanium diphenyl or dichloride, methylene* 

30 dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6,7 - tetrahydrolndenyOtitanium 
dichloride and other dihalide complexes. 

Illustrative but non-limiting examples of the zirconocenes which can be usefully employed in 
accordance with this invention are pentamethylcyclopentadienyl zirconium trichloride, the alkyl substituted 
cyclopentadienes, such as bis(ethyl cyclopentadienyDzirconium dimethyl, bis(p - phenylpropylcyclopenta- 

3S dienyDzirconium dimethyl, bis( methyl cyclopentadienyDzirconium dimethyl, and dihalide complexes of the 
above; di*allcyl, tri-alkyi, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
dienyiizirconium dimethyl, bis(pentamethylcyclopentadienyl)zirconium dimethyl, bis(1,2 - dimethylcyclo- 
pentadienyDzirconium dimethyl, bis(1,3 - diethylcyclopentadienyDzirconium dimethyl and dihalide 
complexes of the above; silicone, phosphorus, and carbon bridged cyclopentadiene complexes such as 

<o dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and methylphosphine dicyclopentadienyl 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl zirconium dimethyl or dihalide. 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
range of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 

45 hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane, toluene 
and xylene. 

As a further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
50 molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at relatively 
high temperature, temperature does not constitute a limiting parameter as with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
55 pressures. For example, such temperatures may be in the range of -60'C to 280'C and especially in the 
range of SOX to 160X. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5xlO~^M. However 
€0 greater or lesser amounts can be used. 

The soluble metailocenes can be converted to supported heterogeneous catalysts by depositing said 
metailocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 
polymerizations. 

65 After polymerization and deactivation of the catalyst, the product polymer can be recovered by 
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U addid t» the P°l)n"f • ,„ ,„.„unce with this Irwentiot. have a weight avsrage molecular 

-€«S^S^tS^^^ 

Weight Distribution (EP-Ar-128 045). i„^-ntton are capable of being fabricated into a 

The polymers produced t';,^ KrolS;m^^^^^^^^^^^ 

^TSexa.p.esfo.lowingthe.olecu.arjg^^^^ 

150C GPC (Gel Permeation Chromatography). The measurem^^^^ performed at 145«CinTCB at 1.5 
milliliter of 3.1 percent solutions m TCB ^f'^i'^'lrr" „n|es were run in duplicate. The integration 

Srs^ -efhi^h's - - " ■ ■ ' ■ 

^nhThvlamine was added to all samples. 

Sl^ OT^c.?" 1«* ™> SlCaTli a apparelave reactor undei nitroaeri »d 



35 150C. 



40 



45 



^7,lHlrSriaprees.reve.se..ujp^^^^ 
I mSecSilar weight distribution of 35. 



" ^'^r.itlstain.essstee.pressurevesseuquippedwiyan^^^^^^^^ 
6S substituted for the metallocene in Example z. 
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Examples 6—8 

Examples 6—8 were performed as Example II except that 0.2 mg of metallocenes as listed in Table II 
and 9.0 cm^ alumoxane were employed giving an Al/Zr of 8x10^, The results are summarized In Table il. 

S TABLE I 

Substituted cyclopentadiene (Cp) ligand effects 

_ _ Activity 

Example Catalyst^ Mw Mn MWD kg/g.h.atm 

10 

1 CpaZrCIa 

2 (MeCpl^ZrCia 
w 3 {EtCp)2ZrCl2 

4 (B-PP-Cp)2ZrCl2^ 

5 (Me5Cp)2ZrCl2 



••AI/Zr=24,000 
**-pp=phenyl propyl 

25 TABLE II 



Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


6 


(MesCplsZrCIs 


47,300 


13,200 


3.6 


142 


7 


(MeCp)2ZrCl2 


180,000 


48^00 


3.7 


278 


8 


(EtCp)2ZrCl2 


184,000 


50,000 


3.7 


281 



**AiyZr=8,000 

The physical properties of a polyethylene are largely determined by the polymer molecular weight and 
^ the polymer density. The previous examples have demonstrated that through the ligand effect, one can 
control the molecular weight of polyethylenes. The following examples demonstrate that through the same 
ligand effects, one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
the control of polymer density in the following examples is demonstrated at fixed reaction conditions 
indicating that density control is mediated by ligand effects on the catalyst reactivity ratios. 

4S 

Example 9 (comparative) 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm^ of dry, degassed toluene was introduced 

so directly into the pressure vessel. 1 0.0 cm^ of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1^00 rpms 
and 50'C for 5 minutes at 0 psig (99.3 kPa) of nitrogen. 200 cm' of liquid propylene at 25X was then added 
resulting in a pressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)2irconium dimethyl in 10 
mi of toluene was injected through the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

55 admitted and the reaction vessel was maintained at 50°C. The ethylene was passed into the vessel for 30 
minutes at which time the reaction was stopped by rapidly venting and cooling the reactor. 66.0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which contained 31 mole % propylene. The 
density was 0.854 g/cm^ at 23**C. 

BO Example 10 

A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen, 
was dried and deoxygenated with a nitrogen flow. 400 cm' of dry, degassed toluene was introduced 
directly into the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was Injected 
65 into the vessel by a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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212,000 


55,900 
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467 


171,000 


44,700 


3.8 


306 


282,000 


78,200 


3.6 


335 


63,000 


13,200 


4.7 


71 
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densfty vwas 6.854 g/cm' at 23°C. 

Example 11 , „„„j„„„h uuith an incline blade stirrer, an external water jacket 

,0 A l-lher stainless steel pressure vessel equ pped ^J/^"; '"^^^^^^^^^^ ethylene and nitrogen. 

for temperature control, a septurn miet anj vent Ime, ^"Ja^g"^^^ degassed toluene was introduced 
• was dried and deoxygenated w'th ^ "'trogen flo^^^ aluminum) was injected 

directly into the pressure vessel. lO.Ocrn 3>'"^°^^"f,f °7„ °f '^^^ fixture was stirred at 1,200 rpms 

into the vessel by a gas tight synnge ^J^^^^^^l^^^'^^ S," of liquid propJ Ine at 25°C was then added 
15 and BO-C for 5 minutes at 0 psig {^.3 l^^^^^^^lj^^^"^^ £pentamethylcvclopentadienyl)zirconlum 

resulting in a pressure of 126.2 psig "l^ o p ethylene at 1 51.5 psig 

propylene. The density was 0.934 g/cm at 23^. 
Claims 

2S i.Acatalystsuitableforthepolymerisationofanolefincomprising(a)thecarbenerepresentodbythe 
formula 

Cp2Zr=CH2P{C6H5)2CH3 

50 and its derivative of the formula 

and the carbene represented by the formula 

CpaTi=CH2-AHCH3)2CI 

and the derivatives of this carbene 

Cp2Ti=CH2-Al{CH3)3, (Cp2TiCH2)2. 
Cp2 TiCH2CH(CH3)C H2, Cp2Ti=CH2 > AIR^'gCi, 

(C»R'JpR".(C5R'„)MeQ,-p or R".(CR'm)2MeQ'. 

Bw^,cth ,«otai ir R' 1 is cvclooentadienyl or substituted cyclopentadienyl, each 
wherein Me is a Group 4b, 5b or 6b metal, ^^s^ J^' '^'^'^^^^ alkenyl aryi, aUcyiaryl or arylalkyl radical 
R' which can be of *e same or d. J^^^ ring, R" is a C,-C. 

having from 1 *° 20 carbon atoms o^^^^ 9 phosphine or amine radical bridging two 

alkylene radical, a dialkyi germanium or s"'«>ne or an ^'^v- y , aikyiar/l or arylalkyl radical 
ic7n-J rings, each Q which can be «a"i* ^'^^^^^^ atoms, 
having from 1 to 20 carbon atoms ^^l^^'oif ' J '"JJ'^^ s is 1 ; m is 5 when s is 0; and that at 

s is 0 or 1. p is 0. 1 or 2; provided ^^.^J^^'tl^l'^^SLn^^ or halogen and (b) an alumoxane. 

least one R' is a hydrocarby radical whe" s-J and Q aikyuaa^a 9 ^ 

2. A catalyst according to claim ^ w^^^^rein wher^p is ^ Q diphenyl. 

3. A catalyst according to claim ^^^J.^X'^cT^^^^^ bisie^hylcycio- 

Sia«eSA^^^ ofSe-^f U,S.l7 - tetrahydroindenvl) tHanium 

"'Ta process for potymerising one or more olefins which --P[;^f -"^,-^'"9 polymerisation in 
« the prese^e of a wtafyst system as claimed in any one of claims 1 to 3. 
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carbon atoms per molecule. 
Patentanspruche 

CptZr^CHjHCsHsUCHa 

» und sein Derivat der Formel 

CpjZrCHjCHlCHsiSHj- 

und das Carben der Formel 
W Cp2ri=CH2-AI{CH,)2CI 

und die Derivate dieses Carbons 

CpjTi=CH2-AI(CH3)3, (CpjTiCHJj. 

20 

Cd, TiCH»CH(CH»)C H2. Cp2Ti=CHa AIR"'2a 

(C^' J,R".IC.RUMeQ.-. ■»<«' (!■ WmtffleO' 

30 Cyclopentedienylrest ist. jeder Rest R • der gleich ^^^'^^^'^^^^^j^^n ist oder rwei R'-Substituenten 
S^n?!-. Aryl-, Alkylaryl- oder Aryla^'reJ "^^ , J J^^'^^^O Kohlenjo^«;j„^^^ ^.^ Dialkylgermanium oder 
zusammen einen kondens.er^er, C^-Crjng b,lden^^^ em l,, 4 ^jteinander verbindet. ist. jeder Res^ 
Silicon Oder ein Allcylphosphin oder Aminrest. der ^f" ^s""' ^^^ikyiaryl- oder Arylalkylrest mit 1 bis 20 
Q der gleich oderverschieden sein kann, f^'^l-'S^MtTe^t S 20 Kohlenstoffatomen ist, s 0 

35 K^hlen^stoffatomen oder ein Hf 95."/""? f ^3^^ ' 0 iS "^ennTo s?m iist. wenn s 1 ist; m 5 ist wenn s 0 

TsfLM'^d^e^^^^ " ''^'-^ 

Halogenatom ist und (b) ein Alumoxan. ^^^^ ^ .^^ 

2. Katalysator nach Anspruch 1. ^^"^l'^'^^^^^^^^ Tltandlphenvl. 
^ 3. Katalysator nacl^ Anspruch 1, wor^n d.e V^^^^ . Zirkoniumdichlorid. bis(Ethylcyclo- 

« dichlorid ist eines Oder mehrerer Olefine, bei dem man die Polymensation in 

SO Kohlenstoffatomen pro Molekul ist. . 
Revendications 

1. Catalyseur apte i 6tre utilise pour la polymerisation d'une olefine. comprenant (a) le carbine 
55 repr6sent6 par la formule 

CpaZr^CHaPlCfiHsjaCHa 

et son derive de formule 
60 Cp2 ZrCH2CH(CH3)C H2 et 

te carbene repr6sente par la formule 

CpaTi^CHz-AKCHJaCl 
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et les d€rh/6s de ce carbine, 

Cp2Ti=CH2 • AI(CH3)3r (Cp2TiCH2)2, 

5 Cp2 TiCH2CH(CH3)C H2. Cp2ri=CH2 - AlR'^sCI, 

oil Cp est un radical cyclopentadi6nyIe ou cyclopentadienyle substitue, et R'" est un radical alkyle, aryle ou 
alkylaryle ayant 1 k 18 atomes de carbone; ou un compost de formule 

70 (C5R'm)pR".<C5R'JMeQ3-p ou R'^CCgR'^laMeQ'. 

dans laquelle Me est un m6tai'du Groupe 4b, 5b et 6b, (CsR'm) est un radical cyclopentadienyle ou 
cyclopentadienyle substitu6, chacun des R' qui peuvent Stre identiques ou differents represente 
I'hydrog^ne, un radical alkyle, alc6nyle, aryle, alkylaryle ou arylalkyle ayant 1 k 20 atomes de carbone ou 

75 bien deux substituants R' forment ensemble un noyau condensi en C4 ^ Ce, R" est un radical aikylene en Ci 
^ C4, un dialkylgermanium ou une silicone ou un radical alkylphosphme ou amine pontant deux noyaux 
(CjR'w), chacun des Q qui peuvent etre identiques ou differents est un radical aryle, alkyle, alc^nyle, 
• alkylaryle ou arylalkyle ayant 1 h 20 atomes de carbone ou un halogene, Q' est un radical alkylid^ne ayant 1 
d 20 atomes de carbone, s a la vaieur 0 ou 1, p a la valeur 0, 1 ou 2; sous reserve que 5 soit egal h 0 lorsquep 

20 est 6gal ^ 0; que m soit egal ^ 4 lorsque s est 6gal ^ 1 ; que m soit 6gal ^ 5 lorsque 5 est egal d 0; et qu'au 
moins I'un des R' soit un radical hydrocarbyle lorsque s est 6gal i 0 et Q est un radical alkyle ou un 
halogene, et (b) tin alumoxane. 

2. Catalyseur suivant la revendlcation 1, dans lequel p est 6gal § 0, Q est le chlore et R' est un radical 
m^thyle, ^thyle ou butyle. n - 

25 3. Catalyseur suivant la revendlcation 1, dans lequel le compose (a) est le bis(cycIopentadienyl)titane- 
dfphenyie, le bislcyclopentadienyDTi^CHjAKCHajjCI, le dichlorure le bis(methylcyclopentadienyl)- 
zirconium, le dichlorure de bis(ethylcyciopentadienyl)2irconium. le dichlorure de bis({5 - phenylpropyl- 
cyclopentadidnyDzirconium, le dichlorure de bis(pentamethylcyclopentadi§nyl)2irconium, le bis(t6tra- 
m6thylcyclopentadienyl)2irconium - dimethyle, le bis(ethylcyclopentadienyl)zirconium - dim6thyle ou le 

30 dichlorure d'^thylSne - bis{4,5,6,7 - t6trahydro - Indenyljtitane. 

4. Precede de polymerisation d'une ou plusieurs ol6fines, qui consiste a conduire la polymerisation en 
presence d'un catalyseur suivant I'une quelconque des revendications 1 S 3, 

5, Procede suivant la revendlcation 4, dans lequel I'oiefine est I'ethylene ou une alpha-oiefme ayant 3 h 
8 atomes de carbone par molecule. 
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